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(54) METHOD OF WRITING SERVO SIGNAL ON IVIAGNETIC TAPE 



(57) A method of writing servo signals on a magnetic 
tape which comprises irradiating one end of an optical 
fiber bundle (12) comprising a plurality of optical fibers 
(11) arrayed In parallel with each other with laser light, 
transmitting the laser light (24) emitted from the other 
end as an output light source through a condensing lens 
(13), and irradiating a site of a magnetic tape running at 
a prescribed speed, the site being capable of forming 



servo tracks, with the laser light passed through the con- 
densing lens (13) to form real images (25) equal to or 
smaller in size than the output light source to cause the 
site to change physically or chemically thereby forming 
a plurality of servo track patterns (S) in the longitudinal 
direction of the tape at a smaller pitch than the pitch of 
the optical fibers (11) arrayed in the optical fiber bundle 
(12). 
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Description 



the servo signal writing system, wherein: 



Technical Field: 

[0001 ] The present invention relates to a method and 
an apparatus for writing servo signals on a magnetic 
tape, by which servo tracks can be formed at a small 
pitch. 

Background Art: 

[0002] One of means for increasing the recording ca- 
pacity of magnetic tape is to increase the density of data 
tracks. However, as the track density increases, the dis- 
tance between adjacent data tracks is shortened, and it 
becomes more likely that the magnetic head strays off 
the right position during data recording or reproduction, 
failing to keep accuracy of recording or reproduction. 
Various servo tracking systems have been proposed to 
address this problem. 

[0003] One of typical servo tracking systems for mag- 
netic tape is formation of servo tracks corresponding to 
servo signals on a magnetic tape magnetically or by me- 
chanical stamping. According to this system, the smaller 
the distance between sen/o tracks formed, the more ac- 
curate the servo control. To achieve this, however, a 
complicated or large-sized apparatus is required. 
[0004] Accordingly, an object of the present invention 
is to provide a method and an apparatus for writing sen/o 
signals on a magnetic tape which will make it possible 
to easily form a large number of servo tracks at a small 
pitch. 

Disclosure of the Invention: 

[0005] The present invention accomplishes the above 
object by providing a method of writing servo signals on 
a magnetic tape which comprises irradiating one end of 
an optical fiber bundle comprising a plurality of optical 
fibers arrayed in parallel with each other with laser light, 
transmitting the laser light emitted from the other end as 
an output light source through a condensing lens, and 
irradiating a site of a magnetic tape running at a pre- 
scribed speed, the site being capable of forming sen/o 
tracks, with the laser light passed through the condens- 
ing lens to form real images equal to or smaller in size 
than the output light source to cause the site to change 
physically or chemically thereby forming a plurality of 
servo track patterns in the longitudinal direction of the 
tape at a smaller pitch than the pitch of the optical fibers 
arrayed in the optical fiber bundle. 
[0006] The present invention also provides an appa- 
ratus for writing servo signals on a magnetic tape, which 
is preferably used to carry out the above-mentioned 
method, which comprises a system for running magnet- 
ic tape, a system for writing servo signals on the mag- 
netic tape (hereinafter, servo signal writing system), and 
a light source system providing laser light incident upon 
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the sen/o signal writing system has an optical fiber 
bundle where a plurality of optical fibers are arrayed 
in parallel to each other with the center axes of the 
individual optical fibers being coplanar and a con- 
densing lens which receives the laser light emitted 
from the end of the optical fiber bundle, the optical 
fiber bundle and the lens being disposed such that 
the direction in which real images of the output laser 
light source formed through the lens are aligned and 
the running direction of the magnetic tape may 
make an angle larger than 0° and smaller than 90° 
when viewed from above. 



[0007] The present invention also provides an appa- 
ratus for writing servo signals on a magnetic tape which 
comprises a system for running magnetic tape, a system 
for writing servo signals on the magnetic tape (herein- 
20 after, servo signal writing system), and a light source 
system providing laser light Incident upon the sen/o sig- 
nal writing system, wherein: 



the sen/o signal writing system has a group of two 
or more optical fiber bundles each having a plurality 
of optical fibers arrayed in parallel to each other with 
the center axes of the individual optical fibers being 
coplanar, the optical fiber bundles being super- 
posed on each other in such a manner that real im- 
ages may be formed at a smaller pitch than the pitch 
of real images formed by the individual optical fiber 
bundles. 

Brief Description of the Drawings: 
[0008] 

Fig. 1 schematically illustrates a first embodiment 
of the servo signal writing apparatus according to 
the present invention. 

Fig. 2 is a schematic cross section showing the 
structure of an optical fiber bundle. 
Fig. 3 schematically shows the way of forming servo 
tracks on magnetic tape, seen from above. 
Fig. 4 is a schematic view of a servo signal writing 
system in a second embodiment of the servo signal 
writing apparatus according to the present inven- 
tion, 

Fig. 5 schematically shows another mode of a servo 
signal writing system in the first embodiment. 

Best Mode for Carrying out the Invention: 



[0009] The present invention will be hereunder de- 
55 scribed with reference to its preferred embodiments by 
way of the accompanying drawings. Figs. 1 through 3 
illustrate a first embodiment of the servo signal writing 
apparatus according to the present Invention. As shown 
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in Fig. 1 , the apparatus has a magnetic tape running sys- 
tem (not shown), a servo signal writing system 1 0 for 
writing servo signals on the magnetic tape 1 , and a light 
source system 20 providing laser light incident on the 
servo signal writing system 10. 
[0010] The magnetic tape running system comprises 
a feed reel having a magnetic tape, on which servo 
tracks are to be formed, wound therearound, a take-up 
reel for taking up the fed magnetic tape, and a driving 
means for revolving these reels. These members are 
set to make magnetic tape 1 run in direction A. Such a 
running system has the same mechanism as that in a 
conventional magnetic tape recording and reproducing 
drive. While not shown, the running system also has a 
means for regulating either edge of the running magnet- 
ic tape 1 , by which fluctuation of the running magnetic 
tape 1 in the width direction may be prevented thereby 
to keep the distance from that edge to each servo track 
pattern constant. 

[001 1 ] The light source system 20 for laser light com- 
prises as many modules 21 as optical fibers hereinafter 
described, each module having a laser diode optically 
connected to each optical fiber, driving means 22 for 
driving the individual laser diodes, and connectors 23 
which optically connect the individual modules 21 to an 
external fiber bundle. The driving means 22 is electri- 
cally connected to a controllertherefor (not shown) com- 
posed of an oscillator, etc. and operates according to 
the instructions given from the controller. The operation 
of the driving means 22 makes the laser diode in each 
module 21 emit light at a prescribed time interval. 
[0012] The servo signal writing system 1 0 comprises 
an optical fiber bundle 12 where a plurality of optical fib- 
ers 11 are arrayed in parallel with each other with their 
center axes being coplanar and a condensing lens 13 
having a large aperture which receives and converges 
output laser light 24 emitted from the emission end of 
the optical fiber bundle 12, The incidence side end of 
the optical fibers 11 are optically connected to the re- 
spective connectors 23 of the light source system 20. 
The condensing lens 13 is capable of capturing 70% or 
more, preferably 95% or more, of the output laser light 
24 emitted from the emission end of the optical fiber bun- 
dle 12. The condensing lens 13 Is disposed at such a 
position as to form real images 25 on the site of the run- 
ning magnetic tape 1 where servo tracks can be formed 
(on the backcoating layer 5 in the present embodiment), 
the images 25 being equal to or smaller in size than the 
output light source, i.e., the line of spots of emitted laser 
light 24 (aligned output laser light 24), preferably 0.8 or 
smaller times as large as the output light source. In other 
words, the condensing lens 13 constitutes a reduction 
projection optical system. 

[0013] As shown in Fig. 2, the optical fiber bundle 12 
comprises a lower flat plate 1 4 of prescribed thickness 
having on one side thereof many grooves 1 7 (preferably 
V-shaped) which are straight and parallel to each other, 
optical fibers 11 put in the grooves 17 one by one, and 



an upper flat plate 1 5 covering the optical fibers 1 1 . The 
groove 1 7 are such that the center axes of the individual 
optical fibers 11 may be coplanar. The grooves 17 are 
provided at such a regular interval that the distance be- 
5 tween every adjacent optical fibers 11 , i.e., the pitch Pq 
of the optical fibers 11 may be equal to the diameter of 
the optical fibers 1 1 . 

[0014] The optical fiber bundle 12 Is disposed such 
that the direction in which the real images 25 of the out- 

10 put light source which are formed through the condens- 
ing lens 13 on the magnetic tape 1 are aligned (i.e., the 
direction of the line of spots of the output laser light 24 
emitted from the optical fiber bundle 1 2) and the running 
direction of the magnetic tape 1 may make an angle 9 

15 (see Fig. 3, described later) larger than 0° and smaller 
than 90° in their plan view. In detail, the optical fiber bun- 
dle 12 is disposed in such a manner that the direction 
in which the optical fibers 1 1 are arrayed to make up the 
optical fiber bundle 1 2 is tilted at an angle larger than 0° 

20 and smaller than 90° with the magnetic tape 1 running 
direction in their plan view. 

[0015] The method for forming servo tracks on the 
magnetic tape 1 by the use of the above-described ap- 
paratus is hereinafter explained. The laser diodes of the 

25 modules 21 in the light source system 20 are made to 
emit light at a prescribed time interval. The emitted laser 
light enters the respective optical fibers 1 1 and is emitted 
from the emission end of the optical fiber bundle 1 2. The 
emitted laser light 24 passes through the condensing 

30 lens 13 and irradiates the backcoating layer 5 of the 
magnetic tape 1 running at a prescribed speed. As a 
result, real images 25 are formed on the backcoating 
layer 5, which images are equal to or smaller than the 
line of spots of the output laser light 24 at the emission 

35 end of the optical fiber bundle 1 2. The irradiated part of 
the backcoating layer 5 undergoes a physical or chem- 
ical change to form a servo track pattern along the lon- 
gitudinal direction of the tape. Fig. 3 shows formation of 
real images 25 on the backcoating layer 5 by which ser- 

40 vo track patterns are formed. In Fig. 3, arrow A Is the 
magnetic tape running direction, and line B is the direc- 
tion of the aligned spots of the output laser light as real 
images 25. Symbols L's each indicate the irradiation po- 
sition of the output laser light in the image 25 formed on 

45 the backcoating layer 5. Symbols S's each indicate the 
formed servo track pattern. In Fig. 3, the distance 
between adjacent irradiation positions of the output la- 
ser light (L-L distance) in the images formed on the 
backcoating layer 5 can be expressed by using the 

50 above-described Pq (see Fig. 2) and the (reducing) 
magnification m of the condensing lens 1 3 (m is an in- 
teger greater than 0 and not greater than 1 ), being rep- 
resented by Pi = Pom. 

[001 6] As stated above, the alignment direction of the 
55 images 25 of the output laser light 24 emitted from the 
optical fiber bundle 12 and the magnetic tape I running 
direction form an angle 9. That is, line B and the mag- 
netic tape t running direction A In Fig. 3 make an angle 
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e. Accordingly, the L-L separation with respect to the 
magnetic tape running direction, i.e., the pitch Ps of the 
formed servo track patterns S and S is equal to P^sinQ, 
which equals to P^msir^. As a result, the pitch Ps of the 
formed servo track patterns S and S is ms/nO times the 
pitch Pq of the optical fibers 1 1 in the optical fiber bundle 
12. In this manner, a plurality of sen/o track patterns S 
are fomied simultaneously on the backcoating layer 5 
at a pitch smaller than the pitch Pq of the optical fibers 
1 1 in the optical fiber bundle 1 2. Each servo track pattern 
S is discrete and linear in the longitudinal direction of 
the magnetic tape 1 as shown in Fig. 3. The shape of 
adjacent servo track patterns may be the same or dif- 
ferent. It is not always necessary to form the servo track 
patterns over the whole length of the magnetic tape 1 . 
[0017] The second embodiment of the apparatus for 
forming servo tracks on the magnetic tape 1 is then de- 
scribed with reference to Fig. 4. The second embodi- 
ment will be described only as to particulars different 
from the aforementioned first embodiment. The descrip- 
tion about the first embodiment appropriately applies to 
the same particulars. The members of Fig. 4 that are the 
same as in Figs. 1 through 3 are given the same sym- 
bols. 

[0018] The apparatus of this embodiment is structur- 
ally the same as that of the first embodiment except the 
servo signal writing system. Fig. 4 is a schematic plan 
view of the servo signal writing system according to the 
present embodiment. The condensing lens is not shown 
in Fig. 4. Fig. 4 represents the case where the magnifi- 
cation of the condensing lens is set at 1 . 
[0019] The servo signal writing system in the appara- 
tus of the present embodiment has an optical fiber bun- 
dle group 16 consisting of two or more optical fiber bun- 
dles 12 (two optical fiber bundles in the case of Fig. 4). 
The optical fibers 11 in each of the optical fiber bundles 
12a and 12b, which make up the optical fiber bundle 
group 1 6, are arrayed at a pitch Pq. The optical fiber bun- 
dles 12a and 12b and the condensing lens (not shown) 
are disposed such that, when viewed from above, the 
alignment of real images formed of the output laser light 
from each optical fiber bundle 12a or 12b through the 
condensing lens on the magnetic tape 1 is perpendicular 
to the magnetic tape 1 running direction A and each im- 
age is formed along the running direction A. More spe- 
cifically, each of the optical fiber bundles 12a and 12b 
is disposed along the magnetic tape 1 running direction 
A in such a manner that the direction of the array of the 
optical fibers 11 may be perpendicular to the magnetic 
tape 1 running direction A. The optical fiber bundles 1 2a 
and 1 2b are superposed on each other in such a manner 
as to form real images at a smaller pitch than the pitch 
of the real images formed by the individual optical fiber 
bundle. More specifically, the optical fiber bundles 12a 
and 1 2b are superposed on each other In such a manner 
that the real images formed by one of the optical fiber 
bundles are shifted from those formed by the other by 
a distance AP that is smaller than the pitch (=:Pq in the 



present embodiment) of the real images formed by the 
individual optical fiber bundles (the distance AP equals 
Pq/2 in the present embodiment). 
[0020] The manner of form ing servo tracks by the use 

5 of the apparatus according to the present embodiment 
is explained with reference to Fig. 4, Output laser light 
emitted from the optical fiber bundle 1 2a that is disposed 
upstream in the magnetic tape 1 running direction pass- 
es through the condensing lens (not shown) and irradi- 

10 ates the backcoating layer 5 of the magnetic tape 1 while 
forming real images to form servo track patterns Sa, 
Sa ... at a pitch of Pq. Output laser light emitted from the 
optical fiber bundle 1 2b that is disposed downstream ir- 
radiates the backcoating layer 5 of the magnetic tape 1 

15 in the same manner while forming real images to form 
servo track patterns Sb. Sb ... at a pitch of Pq, each ser- 
vo track pattem Sb being in the middle between adja- 
cent servo track patterns Sa and Sa. Since the optical 
fiber bundles 12a and 12b and the condensing lens are' 

20 arranged so that the real images formed by one ofthe 
bundles and those formed by the other are shifted from 
each other by AP, i.e., P^2, the distance between every 
adjacent sen/o tracks Sa and Sb also equals to AP, i.e., 
Po/2. A plurality of servo track patterns are thus formed 

25 simultaneously on the backcoating layer 5 at a pitch 
smaller than the pitch Pq of the optical fibers 11 in the 
optical fiber bundle. The magnification m of the con- 
densing lens can be made smaller than 1 to make the 
servo track pitch APm, which is further smaller than that 

30 of the above example. 

[0021] An exemplary magnetic tape to which the 
method of the present invention is applied and usage of 
servo tracks formed on that magnetic tape will be ex- 
plained briefly. The magnetic tape comprises a sub- 

35 strate, a magnetic or nonmagnetic intermediate layer . 
formed on the substrate, and a magnetic layer provided 
on the intermediate layer as a top layer. The substrate 
has on the other side a backcoating layer. The magnetic 
layer has formed thereon a plurality of data tracks in par- 

40 allel to the magnetic tape running direction. While in the 
above-described embodiments the backcoating layer is 
used as the site capable of fomning servo tracks, any 
other layer or the substrate may be used, or a dedicated 
site may be provided separately. 

45 [0022] On being irradiated with laser light, the site ca- 
pable of forming servo tracks undergo a physical or 
chemical change to form a servo track pattern corre- 
sponding to servo signals thereby producing an optical 
contrast with the non-irradiated part. While not limiting, 

50 the means of causing the servo track pattern to show 
an optical contrast includes (1 ) formation of depressions 
having a prescribed depth on the surface of the site, for 
example, the backcoating layer, 5 by irradiation with la- 
ser light (physical change) and (2) incorporation into the 

55 site a substance capable of color change on receipt of 
laser light (chemical change). 
[0023] When the above-described magnetic tape is 
used, a head unit having a predetermined number of 
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magnetic heads is moved across the magnetic tape, 
switching among data tracks, to record or reproduce da- 
ta on the data track corresponding to each magnetic 
head, which is in accordance with a serpentine system. 
Servo tracking is carried out based on the servo tracks 5 
formed on the magnetic tape so that each magnetic 
head may be positioned on a right data track when a 
switch is made among the data tracks or during record- 
ing or reproduction. For example, the servo track pattern 
is irradiated with light of prescribed wavelength, and the 
reflected light or transmitted light is detected to optically 
read the servo signals. Servo tracking is carried out 
based on the read servo signals in the same manner as 
a push-pull method, etc. that is conventionally used in 
the field of optical disks, etc. is 
[0024] Preferred conditions for forming servo tracks 
in the present invention will then be described. The run- 
ning speed of the magnetic tape is preferably as high as 
possible from the standpoint of productivity, but, with the 
ability of the running system being taken into consider- 20 
ation, a practically suitable speed is 1 to 5 m/sec. The 
output of the laser diode is preferably 5 to 30 mW at the 
irradiated site for fonning a servo track patterns without 
damaging the magnetic tape. In forming the discrete 
servo track pattern S as shown in Fig. 3, the output of 25 
the laser diode can be modified arbitrarily according to 
the length and the period of the pattern. 
[0025] In order to make the track pitch smaller, it is 
preferred for the optical fiber 11 to have as small a core 
diameter as possible because the core diameter is re- 30 
fleeted on the size of the real image of the output laser 
light formed on the magnetic tape, i.e., the width of the 
servo track. Optical fibers whose core diameter is 3 to 
9 \irr\ that are practically usable are preferred. In using 
such optical fibers, the diameter of the output laser light 35 
will be 1 to 9 ^m, 

[0026] The angle 0 in the first embodiment is appro- 
priately adjustable according to the pitch of the arrayed 
optical fibers 11, the magnification of the condensing 
lens 1 3, the track pitch of the servo tracks to be formed, 40 
and the like. 

[0027] The magnification m of the condensing lens 1 3 
is preferably as small as possible so as to reduce the 
error of the servo track pitch with respect to the angle 9. 
In connection to the focal depth and the aberration, it is 45 
preferably 0.3 to 0.8, 

[0028] The present invention is not limited to the 
above-described embodiments, and various modifica- 
tions can be made therein. For example, the magnetic 
tape 1 to which the method of the present invention is so 
applied can have a site other than the backcoating layer 
thereof as the site capable of forming servo tracks. In 
the first embodiment a plurality of optical fiber bundles 
12 may be used as regularly spaced across the mag- 
netic tape 1 as shown in Fig. 5 (in which the condensing ss 
lens is not shown). In the second embodiment, too, a 
plurality of the optical fiber bundle groups 16 shown in 
Fig. 4 can be used as regularly spaced across the mag- 



netic tape 1 . 

[0029] In the first embodiment, tilting the alignment di- 
rection of the images formed on the magnetic tape 1 with 
respect to the running direction A of the magnetic tape 
1 can be achieved not only by tilting the optical fiber bun- 
dle 1 2 itself but by tilting only the real images by means 
of the optical system, such as the condensing lens, of 
the servo signal writing system. 
[0030] When the optical fiber bundle group 1 6 shown 
in Fig. 4 is disposed as tilted to make a prescribed angle 
with the magnetic tape running direction just like the ser- 
vo signal writing system in the apparatus of Fig. 1 , it is 
possible to form servo track patterns on the magnetic 
tape at a further reduced pitch While in Fig. 4 the optical 
fibers 12a and 12b making up the optical fiber bundle 
16 are arranged close together, they may be placed 
apart. 

Industrial Appticability: 

[0031] According to the present invention, a large 
number of servo tracks can be formed on a magnetic 
tape at a small pitch simultaneously and easily. There- 
fore, the magnetic tape produced according to the 
present invention is capable of servo control with im- 
proved accuracy, and it is possible to increase the data 
track density, which will increase the recording capacity. 



Claims 

1 . A method of writing sen/o signals on magnetic tape 
which comprises irradiating one end of an optical 
fiber bundle comprising a plurality of optical fibers 
arrayed in parallel with each other with laser light, 
transmitting the laser light emitted from the other 
end as an output light source through a condensing 
lens, and irradiating a site of a magnetic tape run- 
ning at a prescribed speed, said site being capable 
of forming servo tracks, with the laser light passed 
through said condensing lens to form real images 
equal to or smaller in size than the output light 
source to cause said site to change physically or 
chemically thereby forming a plurality of servo track 
patterns in the longitudinal direction of the tape at 
a smaller pitch than the pitch of the optical fibers 
arrayed in said optical fiber bundle. 

2. The method of writing servo signals on a magnetic 
tape according to claim 1 , wherein said optical fiber 
bundle comprises the optical fibers arrayed with the 
center axes of the individual optical fibers being co- 
planar, and irradiation of said site with said laser 
light is such that the direction in which the real im- 
ages of said output light source formed on the mag- 
netic tape are aligned and the running direction of 
the magnetic tape may make an angle larger than 
0° and smaller than 90** when viewed from above. 
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The method of writing servo signals on a magnetic 
tape according to claim 1 , wherein said optical fiber 
bundle comprises the optical fibers arrayed with the 
center axes of the individual optical fibers being co- 
planar, two or more of said optical fiber bundles are 5 
superposed on each other In such an arrangement 
that real images may be formed at a smaller pitch 
than the pitch of the real Images formed by the in- 
dividual optical fiber bundles. 

10 

An apparatus for writing servo signals on a magnet- 
ic tape which comprises a system for running a 
magnetic tape, a system for writing servo signals on 
said magnetic tape, and a light source system pro- 
viding laser light incident upon said servo signal is 
writing system, wherein: 

said servo signal writing system has an optical 
fiber bundle where a plurality of optical fibers 
are arrayed in parallel to each other with the 20 
center axes of the individual optical fibers being 
coplanar and a condensing lens which receives 
the laser light emitted from the end of said op- 
tical fiber bundle, said optical fiber bundle and 
said lens being disposed such that the direction 25 
in which real images of the output laser light 
source formed through said lens are aligned 
and the running direction of said magnetic tape 
may make an angle larger than 0° and smaller 
than 90** when viewed from above. 30 

An apparatus for writing servo signals on a magnet- 
ic tape which comprises a system for running mag- 
netic tape, a system for writing servo signals on said 
magnetic tape, and a light source system providing 35 
laser light incident upon said servo signal writing 
system, wherein: 

said sen/0 signal writing system has a group of 
two or more optical fiber bundles each having 40 
a plurality of optical fibers arrayed in parallel to 
each other with the center axes of the individual 
optical fibers being coplanar, said optical fiber 
bundles being superposed on each other in 
such a manner that real images may be formed 45 
at a smaller pitch than the pitch of real images 
formed by the individual optical fiber bundles. 
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